Friend leukemia virus suppresses mitogenresponsive cells in vitro by activating thymus-dependent suppressor cells. The interaction between T suppressor and mitogen-responsive cells is H-2D restricted by a third cell type, called an interfering cell. The interfering cells could be characterized as alloreactive T cells that functionally mature in the spleen at 2 weeks of age and that can be functionally inhibitedby mitomycin C, irradiation, and cortisol. Interfering cells are stimulated by H-2D (and not H-2L) alloantigens of the mitogenresponsive cells. H-2D differences between interfering and T suppressor cells are unimportant. Induction of "tolerance" to H-2 alloantigens in semi-allogeneic radiation marrow chimeras resulted in the specific loss of interfering cell function. It is possible that interfering or similar cells participate in other forms of H-2 restriction.
Gene products of the major histocompatibility complex regulate immunocompetent cellular interactions (1) and lysis of chemically altered or virus-infected cells by cytolytic thymus-dependent (T) cells (2, 3) . The I (immune response) region of H-2 codes for antigens that are essential cell interaction molecules both for T helper and T suppressor cells (1, 4, 5) . H-2 restrictions imposed on cytolytic T cells have been explained by physical association of the virus or chemical with H-2K and H-2D antigens (altered self) or the requirement for the T cells to have separate receptors for virus or chemical and H-2K or H-2D (2) .
We have detected an H-2 restriction in immunocompetent cells, associated with H-2D antigens (6) . Friend leukemia virus (FV) "activates" certain T suppressor cells, which in turn inhibit the proliferative response of mitogen-responsive cells to concanavalin A (Con A) and other mitogens (7) (8) (9) . We observed that a third cell type, which we termed "interfering cells," mediated the H-2D restriction between T suppressor cells and mitogen-responsive cells (6) . In this report, we have used a three-cell protocol to determine the nature of the interfering cells.
EXPERIMENTAL PROCEDURES Experimental Design. (See Fig. 1 .) Each culture contained 8 X 105 spleen cells containing mitogen-responsive cells from Fv-3r/r mice. Spleen cells containing T suppressor cells were irradiated to eliminate interfering cells, and 1 X 105 cells were mixed with mitogen-responsive cells. In experimental cultures, 1 X 105 spleen cells containing potential interfering cells were mixed with the mitogen-responsive and T suppressor cells.
Mice. C57BL/6J (B6), B10.D2n/SnJ, DBA/2J, BALB/cJ, C3H/HeJ, (B6 X DBA/2)F1 (B6D2F1), and CBA/J mice were purchased from The Jackson Laboratory. 129/Rr mice, obtained originally from T. S. Hauschka, were bred in the colony The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. 2415
at Boston University School of Medicine. BALB/c-H-2dm2 mice (formerly BALB/c-H-2db) were generously donated by Roger Melvold (Shields-Warren Radiation Laboratory, Harvard Medical School). We have not detected any sex differences or any age differences between 3 and 20 weeks with respect to susceptibility of lymphoid cells to suppression by FV in vitro (6) (7) (8) (9) . Thus, mice of various ages and of either sex were used, usually between the ages of 5 and 12 weeks, except when indicated.
Mitogen-Responsive Cells. The susceptibility to immunosuppression by FV in vivo and in vitro is under genetic (Fv-3) control. The Fv-3 gene for susceptibility is dominant and is unlinked to H-2, Fv-1, or Fv-2, (8) . Mouse strains of the C57 narrow ancestral background (e.g., C57BL/6 and C58/J) are Fv-3r/r and thus resistant to the immunosuppressive effects of FV both in vivo and in vitro (8) . In Fv-3s/s mice (e.g., DBA/2, C3H, and 129), FV mediates the suppressive effect on mitogen-responsive lymphocytes by activating T suppressor cells and not by a direct effect on mitogen-responsive cells (9) . Thus, spleens of Fv-3r/r mice contain mitogen-responsive but not T suppressor cells.
Another source of mitogen-responsive cells was thymus cells from Fv-3818 (e.g., C3H) mice injected intraperitoneally (-2 days) with 2.5 mg of hydrocortisone succinate. Such treatment eliminates T suppressor but not mitogen-responsive cells (9) . T Suppressor Cells. These are radioresistant cells found in all lymphoid tissues of Fv-3sls mice and in spleens of Fv-3r/r mice treated with 89Sr to deplete marrow-dependent (M) cells (6-7). To deplete interfering cells but not T suppressor cells from normal spleen cells, we exposed them to 1000 R (1 R = 2.58 X 10-4 C/kg) of y rays at room temperature in a small animal irradiator (140 R/min). Interfering Cells. Spleen cells (1 X 105/culture) were used as a source of interfering cells in cultures containing H-2 compatible T suppressor cells from Fv-3sls mice and mitogen-responsive cells from Fv-3T/r mice. Since FV causes suppression of the blastogenic response of mitogen-responsive cells when cultured with T suppressor cells, the function of added allogenic third-party spleen cells as sources of interfering cells could be investigated. Under these conditions, lack of suppression of mitogenesis (i.e., good response to Con A) would be scored as presence of interference and vice versa.
Treatments of Splenic Source of Interfering Cells. Spleen cell sources of interfering cells were treated with 40 ,ug of mitomycin C per ml for 45 min, with rabbit anti-mouse immunoglobulin and complement (9) , with rabbit anti-mouse brain serum and complement (10), or with filtration over Sephadex G-10 columns (11) . Appropriate control experiments were performed to test the efficacy of these procedures. Production of Chimeras. B6D2F1 mice were exposed to 800 R of '37Cs y rays in a small animal irradiator (Gamma cell 40, Abbreviations: FV, Friend leukemia virus; Con A, concanavalin A. Atomic Energy, Ltd., Ottawa, ON, Canada) and subsequently infused with 2 X 106 DBA/2 bone marrow cells. Four months later, surviving mice were used as sources of H-2 "tolerant" spleen cells-i.e., H-2d DBA/2 cells were "tolerant" of H-2b C57BL/6 alloantigens. Use of anti-H-2b antiserum, use of spleen cells as "stimulators" in one-way mixed lymphocyte reactions with DBA/2 "responder" lymphocytes, and performance of marrow cell transplants into irradiated DBA/2 mice presensitized to B6D2F1 alloantigens indicated that the great majority of hemopoietic cells in the DBA/2 B6D2F1 chimeras were of donor DBA/2 origin. Virus and Con A. An NB-tropic stock of FV complex, SFFV(LLV), passaged in vivo in BALB/c (Fv-1 b/b) mice, was used (6-9). Con A was purchased from Calbiochem.
Cell Culture. The details have been described (7) . Pooled spleen or thymus cells from two or three donors were incubated for 72 hr in RPMI 1640 medium with 10% fetal calf serum, 0.5 jig of Con A, 100-400 focus-forming units of FV, and 0.5 ,uCi (1 Ci = 3.7 X 1010 becquerels) of [3H]thymidine for the final 18 hr (8-10 X 105 cells/0.2 ml per well). Data are expressed as Ablastogenesis (cpm of cultures with Con Acpm of cultures without Con A).
Identification of Blasts in Three-Cell Mixture. Pools of normal spleen cells contain interfering, mitogen-responsive, and T suppressor cells (the latter unless the donor is Fv-3r/r). The possible contribution by T suppressor cells to blastogenesis is eliminated by 1000 R of irradiation prior to culture. However, the minority unirradiated interfering cell population mixed with 8-fold as many mitogen-responsive cells may have proliferated greatly under these peculiar conditions. We therefore "typed" blasts generated in the three-cell mixture with specifically sensitized cytotoxic cells (12) . Briefly, B6D2F1 spleen cells were incubated with irradiated B6 spleen cells for 5 days. (12) .
The effector cells so generated were tested for ability to lyse blasts or lymphoma cells labeled with 5'Cr in a 4-hr assay ( B1O .D2 splenic mitogen-responsive cells could be suppressed by FV when mixed with H-2D compatible DBA/2 T suppressor cells. However, 1 X 105 B6 spleen cells added to the B1O.D2 and DBA/2 cells prevented suppression by FV (Fig. 2 ). Lysis of 51Cr-labeled blasts generated in three-cell mixtures (analogous to those used for studying interfering cell function) by specifically sensitized effector cells indicated that the majority of the blasts so generated were derived from the mitogen-responsive cell population (Table 1) . Thus, the minority interfering cells are not somehow greatly stimulated to generate the majority of blast cells under these conditions.
This protocol therefore allowed us to dissect the phenomenon of FV-induced suppression in vitro and to study interfering cells and their interactions with the other two cell types. To interpret the following data it will be useful to remember that interference is indicated by lack of suppression of mitogenesis by FV.
Nature of Interfering Cells. The ability of B6 spleen cells to interfere with suppression of B10.D2 mitogen-responsive cells by irradiated H-2 compatible DBA/2 T suppressor cells in cultures infected with FV was not affected by elimination of macrophages and granulocytes after filtration over Sephadex G-10 columns or by lysis of B cells with anti-Ig serum plus complement (Fig. 2 ). However, lysis of T lymphocytes with rabbit anti-mouse brain serum plus complement did eliminate the interfering ability of B6 spleen cells-i.e., resulted in the suppression of the Con A response. In two experiments, B6 (H-2b) spleen cells were used as mitogen-responsive cells and irradiated 129 (H-2b) spleen cells were the source of T suppressor cells. DBA/2 or BALB/c (H-2d) mice of various ages, 3-17 days, were used as spleen cell donors of potential interfering cells. No interference in FV-induced suppression of mitogen-responsive cells was detected in cultures containing cells from 3-day-old DBA/2 or BALB/c mice (Fig.  3 ). By day 16 or 17, interfering cells function was equivalent to that of spleen cells of adult mice. The values obtained, with spleen cells from 7or 9-day-old mice were intermediate. Thus, interfering cell function, manifested by lack of suppression of the Con A response of B6 spleen cells, matures during the second week of postnatal life.
Mitomycin C eliminated interfering cell function (Fig. 4) . Thus, the two treatments used to prevent proliferation of "stimulator cells" in mixed lymphocyte reactions, irradiation (6) and mitomycin C, had similar effects. Note, however, that the blasts generated in this three-cell mixture are of mitogenresponsive cell origin (Table 1) . (Table   2 ). Thus, interfering cells need only recognize mitogen-re- These MRC were thymocytes of mice taken 2 days after treatment with 2.5 mg of cortisol to eliminate TSC but not MRC.
Interfering Cells React to
sponsive cells as H-2 allogeneic in order to function. A potential explanation for interference is an increase in [3H]thymidine incorporation due to a one-way or a two-way mixed lymphocyte reaction. However, such stimulation was minimal (see Table  2 ). An informative experiment to rule out that possibility involved the mixture of HTG (H-2Kd-H-2Db) mitogen-responsive cells and either DBA/2 (H-2d) or 129 (H-2b) or both DBA/2 and 129 spleen cells as sources of interfering cells. The stimulus for mixed lymphocyte response was present in each case, but interference occurred only when DBA/2 cells were the source of interfering cells ( Table 2) .
Tolerance Induction Specifically Eliminates Interfering Cell Function. B6D2F1 hybrid mice irradiated and repopulated with DBA/2 bone marrow cells were used as spleen cell donors of potential interfering cells. Under these conditions, clonal deletion of alloreactive T cells has been observed (13) . Normal DBA/2 spleen cells and DBA:B6D2Fl chimeric spleen cells were compared for interfering cell function. B6 (Fv-3r, H-2b) spleen cells and thymocytes from C3H (H-2k) mice that had been treated with cortisol to eliminate T suppressor cells (7) were used as sources of mitogen-responsive cells. 129 (Fv-3s, H-2b) and CBA (Fv-3s, H-2k) spleen cells were the source of T suppressor cells for B6 and C3H mitogen-responsive cells, respectively. Normal DBA/2 spleen cells interfered with FV-induced suppression of both B6 and C3H mitogen-responsive cells, as expected (Table 3 ). Spleen cells from DBA/ 2:B6D2F1 radiation marrow chimeras failed to interfere with suppression of B6 mitogen-responsive cells but did interfere with suppression of C3H "third party" mitogen responsive cells. Thus, during tolerance induction to H-2b alloantigens after marrow transplantation, DBA/2 anti-H-2b interfering cells had apparently been clonally deleted.
Interfering Cells Apparently Recognized H-2D and Not H-2L Alloantigens. Recently a new alloantigen, H-2L, was discovered in the D-region of H-2 (14) , and the H-2 haplotype with the H-2L "loss" mutation is called H-2dm2. BALB/c-H-2dm2 mice reject BALB/c (H-2d) skin grafts (14) and can generate cytotoxic T cells in vitro that lyse BALB/c target cells (15) . BALB-c-H-2dm2 spleen cells were able to interfere with suppression of H-2b B6 MRC by 129 T suppressor cells, but were not able to interfere with suppression of H-2b B1O.D2 MRC by DBA/2 T suppressor cells (Table 4 ). Thus, exposure of BALB/c-H-2dm2 interfering cells to H-2Ld antigens was not an adequate stimulus for interference to occur. DISCUSSION FV complex suppresses lymphocyte mitogenesis in vitro. This effect on mitogen-responsive cells requires interaction between T suppressor cells and mitogen-responsive cells. Such interaction is H-2 restricted inasmuch as T suppressor and mitogen-responsive cells must be compatible at the H-2D region for suppression to occur (6) . However, the H-2 restriction was abrogated if spleen cells, which are used as the source of T suppressor cells, are irradiated in vitro or are obtained from cortisol-treated mice or from 3-day-old mice (7) . This suggested that H-2 restriction was mediated by a radiosensitive and cortisol-sensitive third cell type present in the spleen of the T suppressor cell donor. Since this cell function was detected in the form of "interference" in suppression of mitogen-responsive cells by H-2D incompatible T suppressor cells, it was called an interfering cell (7) .
The experiments reported in this communication indicate that H-2 restriction is dependent on interfering cells, because H-2D compatible T suppressor and mitogen-responsive cell interactions are suppressed by the addition of third party spleen cells (Figs. 1 and 2) which are H-2D incompatible with the mitogen-responsive cells. Interference was detected* byobserving a normal Con A response of B1O.D2 spleen cells, even in the presence of FV-activated T suppressor cells of DBA/2 origin, when H-2 incompatible B6 spleen cells were added to the cell mixture. Interference is initiated by recognition of H-2D antigens in mitogen-responsive cells by interfering cells since the H-2D type of the T suppressor cells is not important ( Table 2) . The three-cell protocol allowed characterization of interfering cells as alloreactive T cells that develop function during the second week of life, are sensitive to irradiation, cortisol, and mitomycin C, and probably undergo "clonal deletion" (13) during tolerance induction in radiation bone marrow chineras. Interfering cells are probably not a newly discovered T cell subset, but alloreactive T cells with a newly discovered function. Thus, it is not surprising that they are demonstrable in spleens of mice belonging to several H-2 types (e.g., H-2d, H-2b, and H-2k) and that there was no correlation with the Fv-3 genotype of the mice and presence or absence of interfering cells.
The data with BALB/c-H-2dm2 spleen cells (Table 3 ) inidicate that H-2L is not the relevant alloantigen recognized by interfering cells. The data in recent papers analyzing the Qa and Tla regions to the right of H-2D (16, 17) indicate that Qa-1, Qa-2, Qa-3, and Tla are not involved. For example, DBA/2 spleen cells to not interfere with suppression of H-2D identical BlO.A(5R) mitogen-responsive cells even though exposed to Qa-i a and Tlaa antigens, whereas 129 spleen cells do interfere with H-2D incompatible B1O.D2 mitogen-responsive cells that are identical with 129 at Qa-2, Qa-3, and Tla (7) .
The two types of H-2 restriction phenomena, as mentioned earlier, involve immune cell interactions (1) and T lymphocyte lysis of target cells (2, 3) . Since mitogen-responsive and T suppressor cells are involved, one might suggest that "cell interaction molecules" coded for by I region genes are involved (1), but the genetics (i.e., H-2D restriction) is more in keeping with H-2 restrictions imposed on cytolytic T cells (2, 3) . The lysis of FV-infected cells is H-2D restricted (18) . A testable hypothesis to explain H-2 restriction here is that interfering cells recognize H-2D alloantigens on a cell type in the mitogen-responsive cell population and stimulate that cell to lyse FV-infected T suppressor cells. T cells with properties of T suppressor cells can be infected with FV (19) . A second possible mechanism of interaction between interfering and mitogen-responsive cells is that interfering cells shed receptors for H-2D alloantigens which attach to and "block" certain critical sites on the mitogen-responsive cells. Such sites may be required for the sup-pressive interaction between T suppressor and mitogen-responsive cells in the presence of FV. It is conceivable that "allogeneic effect factor" was produced in these cultures so as to cause interference; however, I, and not H-2D, differences cause secretion of that factor (20) . More detailed studies of the way in which interfering cells prevent suppression of mitogen-responsive by T suppressor cells may shed light on the mechanisms by which FV causes immunosuppression and H-2 restrictions occur in at least one system.
